Human capital is unquestionably the largest component of aggregate wealth, but its empirical relation to other macroeconomic variables is murky due to the lack of market determined prices. Economists have estimated human capital using either historical costs or discounted values of expected labor income; both are characterized by significant measurement error. We present another alternative: direct measurement of human capital values using slave auction prices from the ante-bellum South. We develop a human capital index and relate its dynamics to that of other indicators such as equities, GDP, real estate and inflation. We find that human capital returns are indeed strongly related to the returns on other macroeconomic indicia. We exploit the estimated quantitative connections from the 18 th and 19 th Centuries to extrapolate the evolution of human capital values up to the modern era.
Human capital, that colossal collection of assets, is also the most mysterious: illiquid, trading in no market, unverifiable in value, yet surely an immense influence on all investment decisions and the macro economy. Accurately measuring the value of human capital has long been a dream of economists. Theoretically, the calculation is straightforward: predict net lifetime labor income (gross revenue less sustenance and reinvestment) and discount to the present. But unlike virtually all other asset classes, from equities through real estate, the resulting present value cannot be checked against a current market price. Moreover, present value calculations for those other assets makes one suspect that human capital valuation is, like them, subject to gross inaccuracy.
Prior to the enlightenment of the latter part of the 19 th Century, however, there were periods of history when human beings were traded in liquid markets. This inhuman practice, which we along with most everyone else condemn as a moral outrage, was associated with direct market valuations of human capital. The existence of these data is, of course, no excuse for the abominable traffic in human beings, but it is simply a fact. The empirical valuations exist, regardless of their disgraceful provenance.
We have assembled a data set of human capital valuations from markets for slaves in the antebellum south of the United States from 1720 through 1860. Those markets disappeared after the north triumphed in the Civil War (indeed, their elimination was one of the North's main war objectives.) In the earlier part of the 18 th Century, the American markets were not as well organized; human capital valuations are consequently less reliable and they cannot be easily compared with macroeconomic series because the latter are sometimes missing. But for a period of about ten decades, roughly 1762-1860, one can compare human capital market values with other indicia of macro-economic activity such as GDP, inflation, equities, and bonds. For these decades, it is possible to study the interactions of a market-determined value of human capital with other macro variables.
It would be a much too audacious leap to suggest that human capital still retains the same or similar quantitative effects on other macro variables, but studying their relations is still instructive since these data are unique in being the only human capital valuations based on market prices. We thus present a thought experiment, asking how human capital and current macro conditions would relate to one another if the 18 th and 19 th Century relations were stable.
The resulting insights are obviously entirely speculative, though they are hopefully still of interest. These insights allow us to consider human capital value surrounding the recent financial crisis. We find our projected human capital index exhibits a substantial decline in the period surrounding the crisis, and that given the magnitude of the decline in human capital, it seems plausible that declining human capital values played a pivotal role.
We do not pretend that market price of an enslaved human corresponds to that of an entirely free worker in terms of its absolute level. A number of wedges intervene. Incentives, shirking, and punishment are some of the obvious differences. But to the extent that such potential biases in the prices of human capital in slave markets are roughly constant over time, one can work with rates of change in hedonic slave price indexes and relate them to changes in macro variables.
This is the strategy employed in our empirical work to follow.
I. Literature review
The literature on human capital has a long and illustrious history that extends back to the earliest professional economists. For example, although Adam Smith [1776] did not actually use the term "human capital," he clearly was thinking about it when he discussed the "value" of acquired skills and abilities. For instance he wrote,
The acquisition of such talents, by the maintenance of the acquirer during his education, study or apprenticeship, always costs a real expense, which is a capital fixed and realized, as it were, in his person [. . .] . The improved dexterity of a workman may be considered in the same light as a machine or instrument of trade which facilitates and abridges labor, and which, though it costs a certain expense, repays that expense with a profit ' (pp. 265-266) .
The work, which he learns to perform, it must be expected, over and above the usual wages of common labor, will replace to him the whole expense of his education, with at least the ordinary profits of an equally valuable capital. It must do this too in a reasonable time, regard being had to the very uncertain duration of human life, in the same manner as the more certain duration of the machine' (p. 101).
Smith also noted that human capital was risky and provided returns that depend on job security and the probability of successful employment after investing in difficult and expensive education. Smith included the acquired and useful abilities of all the members of the society under the idea of capital (Smith, 1776 , Book II, On the Division of the Stock.) According to Smith, the sources of human capital are experience, associated with the specialization of the economy (division of labor), and education in schools, colleges or apprenticeships. Smith thought that 'innate differences' make only a minor contribution to individual embodiments of human capital (Spengler, 1977) , because 'differences [...] seems to arise not so much from nature, as from habit, custom and education ' (pp. 28-29) .
David Ricardo's labor theory of value elevates human capital to the main determinant of the values of all goods. It contends that the value of a good (how much of another good or service it exchanges for in the market) is proportional to how much labor was required to produce it, including the labor required to produce the raw materials and machinery used in the process.
Ricardo stated it as follows,
The value of a commodity, or the quantity of any other commodity for which it will exchange, depends on the relative quantity of labor, which is necessary for its production, and not as the greater or less compensation which is paid for that labor.
[1817]
Subsequent scholars devoted substantial attention to measuring human capital values indirectly; i.e., when there is no direct market price. There are essentially two methods.
First, the cost-based method relies on historical information such as investment in education, as discussed by Adam Smith. It is backward-looking but has the virtue of simplicity and the data are usually available. Second, the income-based method utilizes future earnings. It is forward-looking and avoids the fallacy of sunk costs but, of course, it is plagued by forecast errors and data are not always available.
The literature also includes studies of the more direct method of measuring human capital based on a market price, but the only data are from the ancient slave markets or payments for indentured servants. Although this branch of literature documents the determinants of slave prices, we are aware of no study that has considered human capital derived from slave prices in the context of the macro economy. We believe this is the first study to develop an extended time series of human capital values and relate it to other macroeconomics variables.
Our results relate to another important line of enquiry about human capital that emphasizes its importance as the likely largest asset class. This branch of the literature focuses on embedding human capital into the general consideration of optimal investment portfolio allocation. Below, we review the various approaches to estimating human capital, as well as briefly review the literature that embeds human capital among other financial assets. This literature is rather limited in extent, however, probably owing to the paucity of human capital market values.
I.A. Historical cost valuation of human capital
Following the insights of Adam Smith, the creation of specialized labor is seen to require the use of scarce inputs. Education is frequently considered as a primary input, and this has led to a body of literature in which human capital is proxied by measures of school experience. , 1996 ) and Lee and Barro (2001) apply this approach in its simplest form, measuring human capital by 'years of schooling.' In this literature, the human capital earnings function (cf. Mincer, 1974; Chiswick, 1998) can provide a functional form for the relation between education, typically measured in years, and the stock of human capital, measured in monetary units. Further, years of schooling is only one of several education-related measures; see Temple (2000) , Pritchett (2001) , Krueger and Lindahl (2001), and Wolff (2000) .
The excellent critical survey by Woßmann (2003) provides a thorough discussion of total labor costs, adult literacy rates, school enrollment ratios, and levels of educational attainment as output per worker is related to these influences. Although schooling years is the most commonly employed determinant, the unweighted linear sum of schooling years lacks a sound theoretical foundation. Recently, some improvements have been made to this form of human capital measurement including Oxley et al. (1999 Oxley et al. ( , 1999 Oxley et al. ( -2000 , De la Fuente and Domenech (2000) , Cohen and Soto (2001) , Barro and Woßmann (2003) . However, even these new measures fail to capture the knowledge embedded in humans. One year of schooling does not provide the human capital in an equal amount across years of school one enters. For instance, human capital one receives at grade ten is not equal to that at grade twelve. Moreover, one year of schooling does not provide equal amount of human capital throughout different institutions.
Another determinant of human capital value under this general type of approach could be labeled as "husbandry" costs. The basic idea is from Engel's (1883) cost-of-production method of estimating human capital from child rearing costs borne by parents. Engel advocates measuring the aggregated cost from conception to the age 25. Dagum and Stottje (2000) criticize this approach because it does not account for the time value of money nor the costs invested by society and not by parents. Machlup (1962) and Schultz (1961) address the omission of the time value of money by constructing the human capital stock as the depreciated value of the investment. Kendrick (1976) divides human capital investment into tangible and intangible portions.
Tangible human capital investments include such items as the nourishment required to rear an adult physical human from a child whereas intangible investments are related to increasing the productivity and quality of human capital. Drawbacks to the 'husbandry cost' approach do exist.
For examples, the costs of raising an unhealthy child are probably higher than that of raising healthy one and some included costs such as food, shelter, and clothing are not typically counted as investments.
Overall, the cost-based approach measures human capital as a function of the past flow of resources invested. Its main virtue is the ready availability of data on public and private spending. However, there are many drawbacks. First is the probable weak correlation between investments (of any type) and output quality (for many reasons). Second, historical costs ignore non-pecuniary effects such as happiness from education, self-confidence, and self-fulfillment.
Third, the depreciation rate of human capital is highly uncertain.
The conceptual difficulties with the historical cost-based approach can be appreciated by considering the same method for valuing other kinds of capital. For instance, in some industries, accounting book value is calculated by adding up acquisition costs and subtracting depreciation.
This provides a "book" valuation, which is well known to contain impressive errors. Indeed, the market/book ratio, which varies widely across companies and industries, is simply an indication of the imperfection in book value. One should expect an analogous imperfection in cost-based measures of human capital.
I.B. Using prospective labor income to value human capital
Unlike the cost-based approach that derives human capital value from the past information, the income-based approach is based on discounting expected future net income. This method is 'forward-looking' (prospective) because it focuses on expected returns to investment, as opposed to the 'backward-looking' (retrospective) method whose focus is on the historical costs of
production. An additional positive feature is that this method does not rely on an assumed level of depreciation.
Numerous studies within the existing literature provide estimates of human capital in this context. As an example, Weisbrod (1961) uses the income-based approach with cross-sectional data for earnings, employment rates and survival probabilities. Graham and Webb (1979) subsequently adjust this framework to incorporate economic growth. Mulligan and Sala-i-Martin (1997) develop a labor income-based measure of human capital to obtain an index value, rather than a monetary value, of human capital. In their approach, for a given state and a given year, they divide total labor income per capita by the wage of the uneducated, in order to control for physical capital available, and consequently isolate the value of human capital. Alternatively, Macklem (1997) estimates the value of human capital in Canada, where human wealth is computed as the expected present value of aggregate labor income net of government expenditures based on an estimated bivariate vector autoregressive (VAR) model for the real interest rate and the growth rate of labor income net of government expenditures.
In likely the most comprehensive study involving the income-based approach to measuring human capital Fraumeni (1989, 1992) adopt the methods introduced by Farr (1853) and Dublin and Lotka (1930) . Specifically, they use a new system of national accounts for the US economy that includes market and non-market economic activities and they attempt to assess the impact of human capital on economic growth. The model is applied to estimate aggregate value of human capital (along with non-human capital) for all individuals in the US population classified by the two sexes, 61 age groups, and 18 education groups, for a total of 2196 cohorts. Outside the United States, this method has been applied to the estimate the human capital stock for Sweden (Ahlroth et al., 1997) , Australia (Wei, 2001) , and New Zealand (Le, Gibson and Oxley, 2002 The work of Huggett and Kaplan (2011) in this area is especially relevant to our current study, as they present a comparison of human capital and equity returns based on an individual's stochastic discount factor. Examining US data of male earnings and financial asset returns, they conclude (1) human capital value is far below the value derived by discounting earnings at the risk free rate, (2) human capital and equity returns are marginally positively correlated over one's working life, (3) average human capital returns are greater than equity returns at young age and decline with age, and (4) the equity-related value of human capital is smaller than the bondrelated value at all ages. This conclusion is based on projecting human capital values on both an equity index and a bond index and then considering their relative magnitudes.
Although many studies estimate human capital value in the context of the present value of future earnings, there are substantial conceptual and practical problems with this approach. First, it relies on an assumption that differences in current (and from that, projected) labor income reflect differences in productivity. Second, the data on earnings are not always available, especially for developing markets where the wage is not documented. Third, human maintenance costs are difficult to estimate and fraught with error. Fourth, since this method is based on the future, it is obviously subject to forecasting errors. Lastly, only the cash flow components of human wealth returns are ever observed; the discount rate is not (Lustig and Van Nieuwerburgh, 2012) . In general, valuing human capital based on discounted earnings is comparable to imputing equity values based on dividend streams, which is well-known to produce imposing errors.
I.C. Combination approaches
A number of studies may be considered as a combination of both the cost-and income-based methods. For example, Tao and Stinson (1997) 
I.D. Using market data to value human capital
As explained above, the cost-and income-based methods of estimating human capital have many drawbacks. Each approach is subject to two types of error: the resulting measures do not adequately reflect key elements of human capital, and data on the measure are of poor quality.
Hence, measuring human capital remains a significant research challenge. The only feasible alternative relies on observed market prices. These markets are illegal and non-existent almost everywhere. From the past, however, there are some data. We summarize the existing literature below.
One branch of literature in this area studies price dynamics through time, and in the context of substantial macro-economic or geopolitical events. For example, Mancall, Rosenbloom, and Weiss (1999) construct estimates of slave prices between 1722 and 1809 from probate inventories in South Carolina. They find that slave prices fell moderately between the 1720s and 1740s and then began to rise. The rate of price increase accelerated after 1770, and despite a sharp drop in the 1790s, prices had more than doubled by the early nineteenth century. Although the long-run supply of slaves was close to perfectly elastic, the short-run supply curve was inelastic. They also find the growth of world markets for rice contributed to rising output prices which helped push up slave prices after the middle of the eighteenth century.
Galenson ( They also find an impact of gender; male slaves had a value premium especially when they were sold during peak sugar cane season, and females with children also earned a value premium. Newland and Segundo (1996) examine the determinants of slave prices for 1791 slave sales in Peru and La Plata from 1767-1794 and also document that skilled slaves, as well as slaves of African descent were sold at a premium.
In addition to skills and characteristics of the individual, existing research shows that prices are influenced by additional factors. For example, Galenson (1981) finds that the destination of indentured servants influenced value. Chenny, St-Armour, and Vancatachellumc (2003) show that an individual's descent influences value. Newland and Segundo (1996) find a value premium for male slaves in La Plata, but not in Peru, implying that structural differences across markets may impact slave value. Evidence suggests that advertisements influenced value and were effective in communicating perceived individual skills.
Pritchett and Hayes (2011) study newspaper advertisements during 1830 as a measure of occupational information for the slaves sold in New Orleans. They document that the qualitative description of the slave's skill level affected market price more than his advertised occupation, indicating buyers used available information in making their bids. For instance, they note that an "excellent" cook commanded a premium price while a "plain" or "tolerable" cook did not, suggesting a skill related to value, and implying that newspaper advertisements were not simply "cheap talk." Finally, research considers the impact of the market structure itself. Choo and Eid (2007) analyze the structure of winning bids in the New Orleans auction market for slaves from 1804 to 1862, in the context of the number of bidders present. From auction theory, ignoring the structure of the auction market in which prices are determined may bias results. Therefore, they correct for the competitive effects of the number of bidders participating in these auctions. They
show the mean number of bidders doubled from 1804 to 1862 and the number of bidders had a significant positive effect on the average winning bid. Levendis (2009) also considers the impact of the auction market in the context of price disparity, and uses standard hedonic regression techniques to control for the effect of heterogeneity. He concludes the most likely number of bidders that could have induced the remaining price dispersion is between six and thirteen.
Although far from conclusive, the previous evidence overall implies that slave auctions were relatively efficient. Consequently, we believe that slave prices were often rational and suitable for building a human capital index.
I.E. Human capital related to other macro variables
The relation between human capital and macro variables has been previously considered, at least to a limited extent. Most of the literature in this area documents the relation between education, as a proxy for human capital, and macro variables. As examples, Barro (1991) uses the number of years in school to proxy for human capital and finds a positive relation with human capital and real investment, real GDP, and the total fertility rate. However, the findings on education and economic growth are mixed. Barro and Lee (1994) find male schooling is positively related to economic growth while female schooling is not. Alternatively, Stokey (1994) argues that the previous result is influenced by Asian countries such as Hong Kong, Singapore, Taiwan, and South Korea, and that male schooling is not related to economic growth if female schooling is excluded from the sample. Lau, Jamison and Louat (1991) study the effect of education by level of primary and secondary schooling for different regions and find that primary education has a positive and significant impact only in East Asia, but a negative effect in Africa, and insignificant effects in South Asia and Latin America. Jovanovic, Lach, and Lavy (1992) investigate the non-OECD countries and find a negative impact of education on a different set of capital stocks. Mankiw et al. (1992) use average schooling duration to measure human capital and show its strong correlation with per-capita output. Overall, Mankiw et al.'s regression analysis shows that physical and human capital variations predict 80% of the income variation across countries.
However, given endogeneity concerns, the interpretation of the results concerning education as a proxy for human capital, and growth is not obvious, (Klenow and Rodriguez-Clare 1997) . Recent research has emphasized accounting approaches to avoid these concerns by decomposing output directly into its constituent inputs (see, e.g., the review by Caselli (2005) . A key innovation in measuring human capital stocks, where an economy's workers were translated into "un-skilled worker equivalents" is to sum up the country's labor supply with workers weighted by their wages relative to the unskilled Jones 1999, Klenow and Rodriguez-Clare 1997) . This method captures the standard competitive market assumption where wages represent marginal products and uses wage returns to inform the productivity gains from human capital investments.
With this approach, the variation in human capital across countries appears modest, and physical and human capital now predict only 30% of the income variation across countries (see, e.g.,
Caselli 2005), which is a quite different conclusion than suggested by Mankiw et al's
regressions.
Overall, a number of existing studies consider human capital value and macro economic variables, using education as a proxy for human capital. To the best of our knowledge, there is no study examining human capital value using market prices and macroeconomic variables.
Consequently, the shortcomings of the cost-based human capital measures previously discussed would apply to these existing studies. Further, the results are mixed in terms of the impact of human capital on growth within the existing studies.
I.F. Human capital as a portfolio asset
Despite the difficulties of measurement, human capital has tremendous implications for portfolio management, asset pricing, as well as an understanding of capital markets. Human capital is the most valuable asset most individuals possess; therefore, practical advice about investment portfolio allocation should be based on the relation of human capital to other asset classes such as stocks and bonds. This ideal is rarely, if ever, achieved. was the first to include human capital in an asset pricing model. He extends the two-parameter model of capital market equilibrium of Sharpe (1964) , Lintner (1965) , Black (1972) , and others to include nonmarketable assets including human capital. Roll (1977) claims that the true "market portfolio" cannot be measured without knowing human capital and ignoring it can lead to incorrect conclusions. In response, Campbell (1996) , Jagannathan and Wang (1996) , Lettau and Ludvigson (2001) , Viceira (2001) and others explicitly include labor income in the model. For instance, Campbell (1996) and Jagananthan and Wang (1996) apply revisions in forecasts of future labor income growth to proxy for the return on human capital.
Therefore, human capital values within these existing studies represent income-based measures. Fama and Schwert (1977) show the existence of non-marketable human capital in two-parameter model of capital market equilibrium does not improve the return and risk relationship for marketable securities.
Human capital may also relate to existing puzzles documented in the literature. For example, French and Poterba (1991) discuss the "international diversification puzzle," in which investors hold too little of their financial wealth in foreign securities, leaving potential benefits of diversification unexploited. Different explanations have been offered, including institutional barriers, limits on cross-border investments, and transaction costs. Baxter and Jermann (1988) and Botazzi et al. (1996) argue one possible explanation is human capital. Palacios-Huerta (2001) analyzes differences in human capital of stockholders and non-stockholders and finds that information in the human capital of stockholders can explain the international diversification puzzle. He also shows gains from international financial diversification for a mean-variance investor are smaller than previously reported, once the returns to human capital are considered.
Baxter and Jermann (1997) examine human capital risk and international portfolio diversification. They find that the portfolio weight on an individual's home country stock market should be negative. Surprisingly, they further show that investors should have negative positions in domestic marketable assets for all of the developed markets in their sample. Their finding deepens the puzzling lack of diversification benefits. In general, the international diversification issue suggests that measuring human capital may engender a deeper understanding international capital markets.
II. Data and the Human Capital Indexes.
Our approach utilizes market price observations to estimate human capital. The data come from two extensive data sets that contain price information along with the attributes of individual humans.
II. A. The Hall dataset
Gwendolyn Midlo Hall of Rutgers University collected the background, characteristics and sales price of 100,000 slaves who were brought to Louisiana, both in New Orleans and outside of New
Orleans during the 18 th and 19 th centuries. 3 The data cover January 1719 through 1820 and include both slave and freed slave information. There are 104,731 raw data points, which allow us to study the process of price determination in two separate markets over a period of 95 years for New Orleans and 64 years for outside of New Orleans.
We restrict attention to a Hall-coded group variable "2", which denotes "sold or inventoried as an individual," thereby eliminating sales involving more than one person. We also require observations to have either a sales or inventory price. When available, the recorded sale value is our Price variable. If no sale value is available, we use the recorded inventory value instead. 3 http://www.ibiblio.org/laslave/introduction.php 4 An inventory value is comparable to an assessed value, which was commonly used when selling an estate that included slaves as part of the property. The correlation is 0.95 between of our human capital index and a comparable index constructed from only sales prices. 5 Prior to the American revolution, the currency is typically, but not always, the British pound. There are occasional periods when several other currencies are used.
Our primary human capital index from the Hall dataset begins in 1800, due to the limited number of observations within the Hall dataset prior, as well as the lack of macro data before this point. In this way, the index level represents the estimate for each point in time t, for a male of the average age in the most common location. 6 All additional dummy variables are set to zero.
Finally, the human capital return from the Hall sample during year t, , , is calculated from the index levels above.
In addition to the primary human capital index, we construct an Early Sample human capital index from the Hall dataset. Although the number of observations is limited and US macro data are not available, a comparison of the human capital index with UK macro variables and across important historical events may be informative. The initial observation in the Hall dataset is 1725. Of the 25,803 useable observations from the total sample, only 733 are prior to 1762.
There are eight years during the 1725-1761 sample with no useable observations, and 16 years during this period in which there are between one and ten useable observations. Therefore, we begin the early sample human capital index in 1762. We estimate a similar model as above, and obtain the following parameter estimates: The R-square of this regression is 27.9%, and the human capital index for this sample period is calculated in the same fashion as above. We denote the early sample human capital index return as , .
Finally, using quarterly observations, we construct a human capital index with available data from the Hall dataset. Although the quarterly index cannot be matched with macro variables due to their annual frequency, this index may still depict human capital volatility at a somewhat higher frequency. Human capital values should adjust in response to changing expectations of future labor earnings and/or changing discount rates. Realized labor earnings, used to estimate human capital in the income-based approach, or aggregate years of education, used to estimate human capital in the cost-based approach, are likely to be relatively stable when compared to changing expectations of future labor earnings. Consequently, income-and cost-based measures of human capital may not provide an accurate description of the true volatility of human capital values. As such, our analysis of human capital in the short run may be informative. Parameter estimates from the regression for this series are qualitatively very similar to the estimates from the previous two human capital indexes, and the index is constructed in a similar fashion.
II. B. The Fogel and Engerman data.
The Fogel and Engerman (1974) Given the FE human capital index, we calculate the human capital return from year to year, and denote this variable , for year . Table I reports summary statistics for human capital returns based on the annual series for the two data sets previously described. The mean returns are modest, between one to two percent depending on the data and sample period. Volatility is rather impressive, with each index exhibiting 12 to 13 percent annual standard deviation, which is in the neighborhood of the volatility of modern equity index returns. The contemporaneous correlation between the Hall and FE human capital index returns is only 0.46, though it is significant. However, the correlation between the lagged Hall index and the current FE index is 0.60, which suggests that the FE index follows the Hall index. It may explain why the Hall index relates to current macro variables, but the FE index tends to relate to lagged variables in results reported in the next section. Perhaps the FE data were recorded with a lag. *** Insert Table I here ***
III. Empirical Results
To illustrate the evolution of human capital value over time, the quarterly Hall and FE indexes are shown in Figure 1 Within Panel A, the human capital index is positively related to contemporaneous equity returns.
The correlations between the human capital index (from Hall) and the contemporaneous S&P total return, S&P price return, and UK indexes are significant, and equal to 0.635, 0.514, and 0.455, respectively. The human capital index from Hall is also marginally significantly and negatively correlated with the change in bond yield variable.
In Panel B, the FE human capital index is positively correlated with lagged returns for both S&P 500 series. Perhaps there was a lag when the data was actually recorded in the FE data, or alternatively, perhaps the lag represents the economic relationship during this sample period.
The FE data were not as rich, so the human capital estimate may be noisier with this data.
Finally, for the FE data, there is a significant correlation between human capital and current nominal GDP, lagged nominal, and real GDP, lagged inflation calculated from PPI, and lagged cotton prices. ***Insert Table III here***
III.B. Regressions.
We investigate the relation between innovations in the human capital index and macro variables in a regression setting, and report results in Table IV . Panel A of Table IV Table IV includes US equity returns, as well as percent changes in GDP, inflation (CPI), and changes in bond government bond yields.
All variables enter the model at the 5% level or greater, and the model R-square is 0.692. From this, Model 8 appears to be a parsimonious model that describes the data well.
Within Panel B of Table IV , we present regression results using the human capital return constructed from the FE data (1805-1860). We suspect a potential lag with respect to the FE data and macro variables. Specifically, within Figure 2 , it appears that the human capital index from the FE data followed the human capital index from the Hall index during the sample in which both series overlapped. Further, within Table III, Overall the regression results in Table IV detail relations across the human capital index and macro-variables. For example, stock returns, GDP (contemporaneous for Hall index, and lagged for FE index), and lagged cotton returns are consistently and strongly related to the human capital movements. The economic linkages between macro-variables and human capital detailed in this section, will be subsequently used to forecast a series of human capital values through time.
*** Insert Table IV here ***
IV. An Extrapolated Human Capital Index
The empirical absence of human wealth as a component of the aggregate market portfolio has long been recognized as an important omission (Roll, 1977; Shiller, 1995; Campbell, 1996; Jagannathan and Wang, 1996) . As detailed in the literature review of section I, labor economists have struggled with various methods of alleviating this problem, none of which is totally satisfactory.
The paucity of human capital valuations clearly presents impediments to understanding macro behavior. For instance, Roll (2011) speculates that decreases in human capital values were a basic cause of the recent global financial crisis and, in particular, that they declined steeply from mid-2007 to 2008 due to lower expected growth rates in labor income. However, this decline was not and could not have been observed given the available data at the time.
If the expected growth rate in labor income is close to the discount rate, a small decrease in expected growth will have a large impact on the present value of human capital. Roll ( For our current purpose here, which involves capturing short-term real estate fluctuations, the FHFA and SCS indexes are problematic because almost all known market-based asset returns have much larger volatilities. Their long-term trends might correspond to true real estate values, but monthly variation, being so small, can at best be only weakly correlated with changes in human capital values. There is little variation to explain and, in fact, no significant variation is explained over monthly intervals. 9 If residential real estate data were marked to market in real time, it seems likely that the explained variation would be substantially higher.
We note that Pukthuanthong and Roll (2013) Pukthuanthong and Roll (2013) and use REIT returns to proxy for real estate valuation.
We obtain data covering the return to the CRSP REIT index from the second quarter 1981 through 2012. We denote this variable . Table V Table V presents results for the fitted human capital index across the full 1800-2012 sample. Panels B and C of Table present results corresponding to the REIT sample on an annual, and quarterly basis, respectively. The fitted human capital index is based on a regression with annual observations.
To increase the observations for our REIT sample, we consider both annual and quarterly observations. To adjust the annual model for a quarterly frequency, we adjust the intercept term within the regression model. ***Insert Table V here***
The results support the notion that human capital is a possible precipitating factor in the recent crisis. The correlations between the REIT index and our fitted human capital index are positive and highly significant. Specifically, we find parameters of 0.444 (significant at the 5% level) and 0.621 (significant at the 1% level) for annual and quarterly frequencies, respectively. This supports the expected chronology of a decrease in human capital associated with a decline in home values either concurrently or with a short lag. Further, across all panels of Table V 
V. Conclusions
The empirical study of human capital is hampered by the lack of direct market-based valuations.
Economists have resorted to two knowingly imperfect proxies, measuring human capital either by historical costs or by discounted expected labor income. We present another alternative: direct measurement of human capital values using slave auction prices from the ante-bellum South.
We develop a human capital index and relate its dynamics to that of other indicators such as equities, GDP, real estate and inflation for an overall period spanning 1726 through 1860. Using the richer macro-economic data available after 1800, we find that human capital returns are indeed strongly related to the returns on broad economic indicators. But we find also that human capital has a relatively large amount of variability compared to the other variables, even equities.
Human capital values are particularly susceptible to economic crises and fall dramatically during such episodes. Table IV . Summary statistics for the explanatory variables are presented as well. Panel A presents the full sample, which is annual, and covers 1801-2012. Panel B presents annual results covering the period for which REIT data are available. Panel C presents quarterly results over the REIT sample. The final column in Panels B and C presents the correlation of the given variable with the REIT index return. All variables are described in Table III Table IV and current values of the explanatory variables. Log scale with value set to 100 in 1800.
